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\y  Space-time  behavior  is  determined  by  collecting  data  on  people's  move¬ 
ments  and  inferring  a  mathematical  form  which  expresses  their  position  in 
space  with  respect  to  time.  Analysis  of  space-time  behavior  can  potentially 
be  useful  to  the  military  for  training,  security,  and  the  planning  and  design 
of  facilities  for  military  installations.  Data  on  time-space  behavior  is  nor¬ 
mally  collected  by  human  observers  (usually  by  self-observation);  therefore, 
its  reliability  is  virtually  impossible  to  determine.  However,  by  replacing 
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/human  operations  with  electronic  operations,  the  major  source  of  unpredictable 
error  is  eliminated.  ! 

T  -  _ ^ 

A  conceptual  system  consisting  of  individual  transmitters  and  receiver- 
recorders  had  been  proposed  to  replace  human  operations  with  electronic  opera¬ 
tions  for  the  collection  of  data  on  time-space  behavior.  This  investigation 
examined  the  technical  feasibility  of  this  concept  by  testing  a  simple  proto¬ 
type  system.  The  system  was  shown  to  be  technically  feasible,  as  well  as  sim¬ 
ple  to  use,  flexible,  and  affordable. 
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DISTRIBUTION 


A  PRACTICAL  SYSTEM  FOR  COLLECTING 

RELIABLE  DATA  ON  THE  SPACE-TIME  BEHAVIOR  OF  PEOPLE 


1  INTRODUCTION 


Background 

Space-time  behavior  is  defined  as  the  position  in  space  of  one  or  more 
individuals  expressed  as  a  function  of  time.  It  is  determined  by  collecting 
data  on  peopLe's  movements  and  inferring  a  mathematical  form  which  expresses 
their  position  in  space  with  respect  to  time.  Such  data  can  be  useful  to  the 
military  for  planning  and  designing  facilities,  design  research,  training,  and 
security  operations. 

Several  techniques  are  used  to  collect  this  type  of  space-time  behavior 
data.  These  techniques  can  be  divided  into  two  groups:  electronic  distance 
measuring  techniques  and  visual  field  techniques. 

An  electronic  distance  measuring  technique  determines  the  straight-line 
distance  between  two  points  by  measuring  the  time  required  for  an  electromag¬ 
netic  wave  of  known  frequency  to  travel  between  the  points.  A  triangulation 
scheme  is  the  most  common  way  of  using  this  technique  to  determine  space-time 
behavior.  A  typical  scheme  places  a  transmitter-receiver  at  one  fixed  point 
and  receivers  at  one  or  more  other  fixed  points;  their  positions  and  the  dis¬ 
tances  between  them  are  known.  The  individual  collecting  the  data  carries  a 
transponder  which,  when  activated  by  a  signal  from  the  transmitter,  sends  out 
a  return  signal.  The  time  between  transmission  and  receipt  of  the  return  sig¬ 
nals  determines  the  distance  from  the  individual  to  each  receiver.  The  loca¬ 
tions  of  the  individual  and  any  two  receivers  form  a  triangle.  Since  the  dis¬ 
tance  between  any  two  receivers  is  known,  the  lengths  of  all  three  sides  of 
the  triangle  are  known;  hence,  trigonometry  can  be  used  to  find  the  directions 
and  distances  from  the  individual's  position  to  the  known  positions  of  the  re¬ 
ceivers  . 

The  visual  technique  determines  position  by  identifying  when  a  monitored 
person  enters  a  field  of  view  of  known  location.  Two  different  approaches  are 
used:  either  the  monitored  person  observes  and  records  his/her  own  space-time 
behavior,  or  another  person  does  it.  In  either  approach,  the  field  of  view 
may  also  be  observed  and  recorded  automatically  by  movie  or  television 
cameras . 

A  technically  ideal  data  collection  system  provides  data  which  are  valid, 
reliable,  and  accurate.  A  practically  ideal  system  is  affordable,  flexible 
enough  to  adapt  to  different  requirements,  and  simple  to  install,  operate,  and 
dismantle.  No  system  possesses  all  of  these  attributes  to  a  degree  sufficient 
for  use  in  many  current  applications  of  space-time  behavior  studies.  The 
electronic  distance  measuring  techniques  provide  highly  accurate,  reliable 
data.  The  visual  techniques  give  significantly  less  accurate  and  reliable 
data;  however,  they  are  accurate  enough  for  most  applications  and  are  at  least 
equal  to  and  generally  better  than  electronic  techniques  in  terms  of  their 
validity,  affordability,  simplicity,  and  flexibility.  Thus,  there  is  a  need 


for  a  visual  technique  which  can  provide  data  as  accurate  and  reliable  as  is 
provided  by  an  electronic  technique. 


Objective 

The  objective  of  this  report  is  to  establish  the  technical  feasibility  of 
a  new  conceptual  system  for  collecting  reliable  data  on  time-space  behavior; 
this  system  is  a  visual  technique  in  which  all  human  observation  functions 
would  be  replaced  by  electronics. 


Approach 

A  simplified  prototype  of  the  conceptual  system  was  designed,  con¬ 
structed,  and  tested. 


Scope 


The  prototype  contained  only  the  features  considered  necessary  to  estab¬ 
lish  its  technical  feasibility.  For  example,  since  different  transmission 
frequencies  are  suited  to  different  applications,  the  eventual  system  will  be 
modularly  designed  for  simple  conversion  to  different  frequency  ranges.  How¬ 
ever,  the  prototype  system  discussed  here  was  designed  and  constructed  to 
operate  only  in  the  infrared  range.  Similarly,  the  final  receiver-recorder 
will  have  two  frequency  channels;  this  prototype  system  had  only  one. 


2  THE  CONCEPTUAL  SOLUTION 


Electronic  distance  measuring  techniques  are  more  reliable  than  visual 
field  techniques  because  they  replace  human  operations  in  the  area  of  visual 
techniques.  Electronics  have  also  replaced  human  operations  in  the  area  of 
visual  tecnniques.  For  example,  one  system  establishes  fixed  fields  of  view 
in  a  selected  number  of  monitoring  locations  at  known  positions  and  uses  tele¬ 
vision  cameras  and  magnetic  tape  recorders  to  observe  and  record  the  visual 
information  in  each  field  of  view.  A  human  observer  monitoring  the  same  loca¬ 
tion  would  have  to  observe  the  visual  field,  identify  monitored  individuals  as 
they  entered  and  exited  the  field  of  view,  and  record  their  entry  and  exit 
times.  Furthermore,  the  observer  would  have  to  perform  all  of  these  functions 
in  real-time;  electronic  replacement  eliminates  this  requirement. 

The  proposed  conceptual  system  performs  all  of  the  human  observer's  func¬ 
tions  electronically.  It  detects  and  records  when  a  monitored  person  enters 
and  leaves  a  monitored  location.  The  system's  basic  elements  are  a  trans¬ 
mitter  and  a  receiver-recorder.  The  transmitter  replaces  the  television 
camera  at  each  monitored  location,  and  the  transmission  zone  replaces  the 
field  of  view.  Each  monitored  person  carries  a  receiver-recorder  which  de¬ 
tects  when  it  is  in  a  transmission  zone,  identifies  the  zone,  and  digitally 
records  the  zone-identifier  and  the  time  when  the  zone  is  entered  and  exited. 

Each  location  to  be  monitored  is  established  by  placing  within  it  a 
transmitter  which  broadcasts  a  unique  identification  number;  the  transmission 
zone  determines  the  area  to  be  monitored.  The  zone's  boundary  is  established 
by  shaping  the  transmission  beam  and/or  setting  the  power  level  of  the  trans¬ 
mitter.  Figure  la  shows  a  ceiling-mounted  transmitter  with  a  conically  shaped 
transmission  zone.  The  shaded  area  indicates  where  the  zone  strikes  the 
floor. 


When  the  monitored  person  enters  a  transmission  zone,  the  receiver-recor¬ 
der  detects  and  records  the  transmitter's  identification  number  and  the  time 
the  zone  was  entered.  When  the  person  leaves  the  zone,  it  records  the  time  of 
exit.  Figure  lb  is  an  example  of  what  is  recorded  during  a  monitored 
period.  It  shows  a  sequence  of  events  that  is  recorded  as  the  subject  moves 
around  a  space  containing  two  monitored  locations.  As  in  Figure  ia,  the  shad¬ 
ed  areas  indicate  where  the  transmission  zones  strike  the  floor.  The  numbers 
at  the  center  of  the  shaded  areas  are  the  zone  identification  numbers.  The 
circled  numbers  (excluding  zero,  which  indicates  the  starting  point)  indicate 
points  along  the  person's  path  (indicated  by  the  dashed  line)  where  the  record¬ 
ed  data  has  just  been  changed;  i.e.,  when  the  person  has  just  entered  or  left  a 
monitored  location.  The  information  recorded  at  each  such  point  in  the  path 
is  shown  next  to  its  number  in  the  table  at  the  bottom  of  Figure  lb.  When  a 

zone  is  entered,  the  number  of  the  zone  and  the  elapsed  time  (expressed  in 

seconds)  are  recorded;  when  that  zone  is  exited,  the  number  "zero"  and  the 
elapsed  time  are  recorded. 

As  shown  in  Figure  lb,  zone  10  was  entered  30  seconds  after  monitoring 
began  and  was  exited  90  seconds  after  it  began.  Thus,  60  seconds  elapsed 
while  the  person  was  in  the  zone.  When  zones  are  adjacent,  the  person  would 

go  directly  from  one  zone  into  another.  However,  in  this  case,  only  the  entry 


into  the  new  zone  is  recorded,  since  the  elapsed  time  for  entry  and  the  exit 
are  the  same  (see  point  4  in  Figure  lb). 

The  monitored  zones  are  separated  in  Figure  lb.  To  prevent  someone  from 
passing  between  zones  without  being  detected,  there  must  be  an  overlap  in 
zones.  To  avoid  the  problem  of  interference  in  the  overlap  zone,  two  differ¬ 
ent  transmission  frequencies  and  a  dual  channel  receiver  are  used.  No  more 
than  two  frequencies  are  needed,  even  when  the  area  is  completely  covered  wit 
monitored  zones.  Figure  lc  shows  how  this  is  possible.  Each  circle  repre¬ 
sents  a  monitored  area;  the  letters  A  and  B  indicate  the  two  transmitter  fre¬ 
quencies,  and  the  numbers  identify  the  zone.  As  shown  in  the  figure,  no  over 
lap  zone  contains  more  than  two  frequencies  or  two  identification  numbers. 


Figure  1.  Conceptual  system  operations 


EQUIPMENT  AND  TESTING  PROCEDURES 


e  Prototype  System 

A  prototype  transmitter  and  receiver-recorder  were  designed  using  state- 
-the-art  technology.  Twenty  transmitters  and  10  receiver-recorders  were 
nst  ructed . 

'.e  Transmitter 

The  transmitter's  dimensions  are  83  x  118  x  187  mm;  the  power-pack  occu- 
es  most  of  this  space.  The  transmitter  contains  four  alkaline  "D"  cells,  a 
rcuit  board,  and  a  light-emitting  diode  mounted  in  the  cover.  The  transmis- 
on  is  pulsed  to  minimize  power  drain.  Each  pulse  is  about  100  milliseconds 
ng;  the  pulse  rate  can  be  varied  from  three  pulses  per  second  to  one  pulse 
ery  32  seconds.  When  transmitting  at  the  maximum  pulse  rate  in  a  zone  hav- 
g  a  7-m  radius,  the  batteries  will  last  about  12  hours;  when  transmitting  at 
e  pulse  per  second  in  a  zone  having  a  2-m  radius,  they  will  last  about  450 
urs.  The  transmitter  operates  in  the  infrared  range  at  900  mm — a  frequency 
lich  is  invisible  to  the  naked  eye.  The  transmission  zone  is  shaped  into  a 
0-degree  cone  with  a  radius  (i.e.,  transmission  distance)  that  can  be  varied 
■om  0  to  9  m.  The  transmission  radius  is  varied  by  changing  the  power  level, 
le  actual  radius  is  determined  by  the  lowest  level  at  which  the  receiver- 
icorder  can  detect  the  transmitted  signal. 

Figure  2  shows  a  block  diagram  of  the  prototype  transmitter.  The  diagram 
lows  the  identification  numbers  of  the  chips  used  in  each  block.  Anyone  with 
knowledge  of  electronics  can  readily  understand  the  operation  of  most  blocks 
r  reading  the  label  and  the  chip  identification  number;  however,  the  Parity 
•nerator  and  Sequence  Logic  blocks  require  further  discussion. 

The  input  to  the  Parity  Generator  block  is  a  seven-bit  binary  number 
lich  identifies  the  transmitter.  If  the  binary  number  contains  an  even 
imber  of  zeros,  the  output  parity  bit  is  a  zero;  if  the  number  contains  an 
Id  number  of  zeros,  the  output  parity  bit  is  a  one. 

The  Sequence  Logic  block  controls  the  transmitter  operation.  The  se- 
lence  of  operations  starts  with  the  transmitter  in  a  standby  state.  Trans- 
ssion  is  initiated  by  a  signal  from  the  Repetition  Rate  Binary  Counter 
ock,  which  controls  how  often  the  transmitter  operates.  When  the  signal  to 
litiate  transmission  is  received,  the  Sequence  Logic  block  initiates  the 
lading  of  the  transmitter  number  and  the  parity  bit  into  the  shift  register 
id  initiates  transmission  of  the  carrier  frequency.  Modulating  the  carrier 
ten  initiates  data  transmission.  The  initial  data  is  a  continuous  string  of 
.ts  all  equal  to  one.  This  transmission  is  to  alLow  time  for  the  receiver's 
itomatic  gain  control  to  stabilize  before  the  transmitter  number  and  parity 
.t  is  initiated,  followed  by  continuous  transmission  of  a  string  of  ones 
;ain.  This  time,  the  purpose  is  to  allow  time  for  the  central  processing 
lit  in  the  receiver-recorder  to  process  valid  data  before  the  transmitter  is 
‘turned  to  the  standby  state.  Finally,  the  return  to  the  standby  state 
:curs . 
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Figure  2.  Transmitter  diagram 


The  Receiver-Recorder 


The  receiver-recorder  is  20  x  100  x  185  mm,  a  size  chat  can  be  placed  in 
a  shirt  pocket.  The  sensor  is  separate  and  is  con  cted  to  the  receiver- 
recorder  by  a  coaxial  cable.  It  attaches  to  the  clothing  and  is  usually  plac¬ 
ed  on  top  of  the  shoulder.  The  receiver-recorder  operates  continuously  and 
can  receive  data  as  fast  as  10  transmissions  per  second.  It  is  powered  by 
four  alkaline  "AAA"  cells  and  can  operate  for  about  120  hours. 

The  output  of  the  receiver-recorder  can  be  read  directly  into  a  digital 
computer  for  processing  or,  through  a  converter,  into  a  standard  ASCII  com¬ 
puter  terminal  for  printout.  The  data  can  be  read  out  as  many  times  as  desir¬ 
ed.  The  memory  of  the  receiver-recorder  is  reset  to  zero  only  when  the  power 
is  shut  off.  An  RS-232  converter  is  used  to  print  out  the  data  on  a  terminal, 
which  operates  at  300  baud.  The  terminal  printout  would  show  the  last  two 
columns  of  the  table  (minus  the  headings)  in  Figure  lb;  however,  the  first  line 
would  not  show  zeros,  but  rather  the  identification  number  of  the  receiver  and 
the  elapsed  time  when  the  printout  was  made. 

Figure  3  is  a  block  diagram  of  the  prototype  receiver-recorder.  The  dia¬ 
gram  shows  the  identification  number  of  the  chips  used  in  each  block.  Anyone 
with  a  knowledge  of  electronics  can  understand  the  operation  of  most  blocks; 
however,  several  require  further  comment.  The  Central  Processing  Unit  (CPU) 
bLock  controls  the  operation  of  the  receiver-recorder.  Figure  4  is  a  flow¬ 
chart  of  the  program  in  the  CPU.  Most  of  the  boxes  in  this  chart  are  self- 
explanatory;  however,  two  require  additional  explanation.  Following  the  YES 
path  from  the  "data  available?"  box  and  the  NO  path  from  the  "error?"  box 
leads  to  a  box  labeled  "same  data  3  times?".  The  purpose  of  this  box  is  to 

eliminate  spurious  data  generated  by  other  electrical  equipment.  The  other 

box  requiring  further  explanation  is  the  "clear  to  send?"  box.  First, 
however,  further  discussion  is  needed  on  the  Universal  Asynchronous  Receiver/ 
Transmitter  block  shown  in  Figure  3.  The  transmitter  portion  of  this  block 

transfers  the  collected  data  from  the  memory  block  to  an  external  computer  or 

computer  terminal.  That  signal  is  called  the  "clear-to-send  signal."  In  Fig¬ 
ure  4,  the  purpose  of  the  "clear  to  send?"  box  is  to  transfer  data  to  an 
external  device  upon  request. 


Testing  Procedures 

The  objective  of  the  testing  was  to  establish  the  reliability  of  the  sys¬ 
tem  under  real  conditions  of  data  collection.  Data  were  collected  on  the 
time-space  behavior  of  selected  personnel  at  the  U.S.  Army  Construction  Engi¬ 
neering  Research  Laboratory.  The  laboratory  hallways  were  used  as  the  test 

bed. 


Two  experimental  procedures  were  used.  In  one,  the  monitored  personnel 
were  asked  to  walk  a  fixed  path  through  the  hallways;  in  the  other,  they  were 
asked  to  follow  their  usual  working  routines  and  keep  a  personal  log  of  any 
trips  in  which  they  used  the  hallways.  The  experiments  were  repeated  until 
enough  were  collected  for  a  valid  statistical  analysis. 
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4  RESULTS  AND  ANALYSIS 


The  prototype  was  tested  for  attributes  of  an  ideal  data  collection 
system:  reliability,  accuracy,  validity,  af fordabi 1 i ty,  simplicity,  and  flex¬ 

ibility.  Reliability  was  the  attribute  of  primary  concern. 


Reliability 

The  major  problem  was  spurious  data  caused  by  other  electrical  equip¬ 
ment.  In  the  first  of  the  fixed-path-behavior  experiments,  25  to  30  percent 
of  the  data  collected  was  spurious.  The  receiver-recorders  contained  data  for 
transmitter  numbers  which  were  not  a  part  of  the  experiment.  Investigation 
revealed  that  fluorescent  lights  caused  the  problems.  The  test  for  a  valid 
number  was  received  twice  in  a  row.  When  the  validity  test  was  changed  to 
three  times  in  a  row,  the  spurious  data  were  reduced  to  less  than  1  percent. 
This  amount  of  reduction  was  enough  to  show  that  increasing  the  number  of 
repetitions  required  in  the  validity  test  will  reduce  spurious  data  to  zero. 
Since  such  a  low  percentage  of  spurious  data  would  not  significantly  affect 
the  normal-behavior  experiments,  no  further  change  was  made  in  the  prototype 
receiver-recorder.  Except  for  the  spurious  data,  the  time  durations  in  each 
zone  were  100  percent  repeatable  within  the  accuracy  limits  set  by  the  time 
between  transmissions. 


Accuracy 

Determining  a  person's  position  with  a  high  degree  of  accuracy  is  not 
normally  an  objective  when  collecting  this  type  of  data;  consequently,  no 
special  effort  was  made  to  maximize  the  prototype  system's  spatial  resolu¬ 
tion.  The  spatial  resolution  is  controlled  by  the  time  between  transmissions 
and  the  speed  at  which  the  person  is  moving.  The  transmission  zone  must  be 
large  enough  to  prevent  a  person  from  walking  through  the  zone  without 
receiving  a  transmission.  With  the  prototype  system,  the  smallest  circular 
zone  that  could  be  monitored  was  2  to  3  ft  in  diameter. 


Validity 

There  is  no  question  that  the  data  collected  by  this  system  measures 
space-time  behavior.  In  some  applications,  there  is  a  question  about  whether 
the  measured  behavior  is  really  the  person's  normal  behavior.  For  example, 
awareness  of  being  monitored  could  cause  abnormal  behavior.  Only  if  the  sub¬ 
ject  is  completely  unaware  of  the  monitoring  can  the  investigator  be  assured 
that  the  collected  data  are  completely  valid. 

With  a  system  that  requires  the  monitored  person  to  carry  an  instrument, 
the  assurance  of  normal  behavior  depends  on  whether  the  person  will  forget 
that  he/she  is  carrying  the  instrument.  The  prototype  receiver-recorder  is 
shirt-pocket  size,  which  is  comparable  to  the  logbook  that  monitored  persons 
carry  for  recording  data  when  they  are  observing  their  own  space-time  behav- 


There  is  evidence  that  some  persons  torgei  about  being  monitored  when 
carrying  an  instrument  of  this  size.  During  the  normal. '-behavior  experiments, 
the  monitored  persons  carried  the  receiver-recorder  and  recorded  their  own  be¬ 
havior  in  a  Logbook.  Three  of  the  10  persons  monitored  had  at  Least  one  trip 
which  appeared  in  the  data  collected  by  the  receiver-recorder,  but  did  not  ap¬ 
pear  in  the  Logbook  data.  Other  normal-behavior  experiments  were  conducted  in 
which  only  the  receiver-recorders  were  carried  and  only  seL f-report ing  was 
used.  Comparing  the  data  from  these  three  cases  reveaLed  nothing  of  statisti¬ 
cal  significance  concerning  whether  data  were  affected  by  subject's  awareness 
of  the  monitoring.  However,  significant  information  about  awareness  of  the 
monitoring  appeared  when  the  participants  were  interviewed  after  the  experi¬ 
ments.  When  only  the  receiver-recorder  was  carried,  all  10  participants  said 
that  they  completely  forgot  that  they  were  being  monitored  for  long  periods  of 
time,  even  when  they  were  in  the  hallways.  When  only  self-reporting  was  used, 
all  10  admitted  to  sometimes  forgetting  about  being  monitored,  but  for  much 
shorter  periods  of  time;  only  one  person  admitted  forgetting  one  time  when 
traveling  in  che  hallways.  Their  consensus  about  why  this  occurred  was  that 
the  self-reporting  technique  required  them  to  perform  a  task,  while  the  re¬ 
ceiver-recorder  technique  did  not. 

These  experiments  indicate  that  this  system  obtains  data  which  are  at 
least  as  valid  as,  and  probably  more  valid  than,  the  data  obtained  with  the 
commonly  used  self-reporting  technique.  If  the  size  of  the  receiver-recorder 
were  reduced  still  further,  say  to  electronic  wristwatch  size,  the  likelihood 
of  the  person  forgetting  about  being  monitored  would  probably  be  much  greater; 
such  an  innovation  is  entirely  possible,  given  current  developments  in  elec¬ 
tronic  circuitry  and  batteries. 

Affordability 

For  the  20  transmitters  and  10  receiver-recorders  used  in  this  test,  the 
unit  costs  were  $200  and  $400,  respectively.  More  efficient  mass  production 
techniques  which  are  evolving  in  the  electronics  industry  should  decrease 
these  costs  even  further.  Except  for  their  identification  numbers,  the 
receiver-recorders  are  the  same  for  each  person  monitored,  and  the  trans¬ 
mitters  are  the  same  for  each  location.  Thus,  the  system  is  ideal  for  mass 
production.  Furthermore,  the  number  of  functions  provided  on  a  single  commer¬ 
cially  available  computer  chip  is  continually  increasing.  In  fact,  by  using  a 
micro-computer  chip,  which  has  become  commercially  available  since  the  proto¬ 
types  were  constructed,  and  using  production  runs  of  1000  or  more,  the  price 
of  a  receiver-recorder  couLd  be  reduced  to  $100,  and  the  price  of  a  trans¬ 
mitter  to  $50. 


Simplicity 

Simplicity  refers  to  the  ease  with  which  a  system  can  be  used.  Establish¬ 
ing  a  monitored  zone  is  as  simple  as  emplacing  a  transmitter  and  setting  the 
value  of  the  transmission  radius.  The  edges  of  the  transmission  zone  can  be 
determined  by  a  receiver-recorder,  which  has  a  small  light  that  goes  on  when 
the  transmission  signal  is  being  received.  Operating  the  system  involves  only 
turning  the  units  on  and  off  and  changing  the  batteries  frequently  enough  to 
insure  their  freshness.  Since  all  units  are  identical,  a  malfunctioning  unit 


can  be  replaced  with  a  spare  one  quickly  and  easily  so  that  it  can  be 

repaired. 


Virtually  no  electronics  skill  is  needed  to  perform  these  operations.  An 
undergraduate  psychology  student  set  up,  operated,  and  retrieved  the  instru¬ 
mentation  for  all  experiments  for  this  test  after  receiving  only  1  hour  of 
training. 


Flexibility 

Flexibility  refers  to  the  system's  ability  to  respond  to  different  data 
collection  situations.  As  many  zones  as  desired  can  be  set  up  (assuming  that 
the  transmitters  are  available);  these  zones  can  be  placed  as  close  together 
or  as  far  apart  as  needed.  Consequently,  a  region  of  interest  can  be  as  com¬ 
pletely  or  sparsely  monitored  as  desired.  For  these  experiments,  four  differ¬ 
ent  transmitter  arrangements  were  used:  two  in  which  a  few  hallways  were  com¬ 
pletely  monitored,  and  two  in  which  all  hallways  were  sparsely  monitored. 

There  were  no  difficulties  in  setting  up  for  and  collecting  data  in  either 
arrangement . 

Another  aspect  of  flexibility  is  the  ability  to  change  the  operating 
range  of  the  transmitters  and  receivers,  although  this  was  not  tested  in  these 
experiments.  The  infrared  range  was  selected  for  the  prototype,  because  the 
waves  in  this  range  are  easily  reflected.  This  greatly  facilitated  the 
generation  of  a  copical-shap^d  transmission  zone,  whose  angle  could  be  varied 
easily.  In  cases  where  penetration  is  required,  some  other  frequency  range 
(e.g.,  radio)  would  be  used. 


5  POTENTIAL  APPLICATIONS 

This  chapter  describes  some  potential  applications  of  the  system.  The 
intent  of  this  discussion  is  to  provide  an  understanding  of  what  the  system 
does  and  how  it  can  be  used,  so  that  the  potential  users  can  identify  their 
own  specific  applications.  In  simple  terms,  the  transmitter  is  a  device  which 
establishes  a  zone  of  space  that  one  wants  to  monitor.  The  receiver-recorder 
is  a  device  carried  by  a  person  or  a  vehicle  which  can  do  the  following 
things : 

1.  Recognize  when  it  is  in  a  monitored  zone. 

2.  Identify  which  monitored  zone  it  is  in. 

3.  Determine  when  it  enters  and  exits  the  identified  zone. 

4.  Remember  which  monitored  zones  it  was  in  and  when  it  entered  and 
exited  each  of  them. 

5.  Recall  and  convey  the  remembered  information  to  another  device  upon 
request . 

Not  all  of  these  capabilities  are  always  needed;  however,  some  applica¬ 
tions  may  require  additional  capabilities.  Monitored  zones  need  not  have  fix¬ 
ed  locations;  a  limited  number  of  transmitters  can  be  carried  by  persons  and / 
or  vehicles. 


Military  Facilities 

One  area  of  application  is  the  planning  and  design  of  military  facil¬ 
ities.  Data  on  time-space  behavior  are  being  collected  in  origin-and-des- 
tination  studies  of  vehicular  traffic  and  in  arri val-and-departure  (queueing) 
studies  of  people  or  vehicles  at  various  processing  points  in  a  servicing 
facility.  For  these  cases,  the  new  system  would  simply  replace  the  present, 
less  reliable  system  of  using  human  observers  to  collect  these  data. 

This  type  of  data  provides  a  more  reliable  basis  for  establishing  design 
requirements  and  criteria.  For  most  military  facilities,  the  requirements  and 
criteria  involving  space-time  behavior  are  derived  from  information  obtained 
from  several  sources!  the  recollections  and  speculations  of  users,  user- 
representatives,  and  design  professionals;  from  publications  of  research  re¬ 
sults;  and  from  standard  practice.  The  implication  is  that,  if  these  require¬ 
ments  are  satisfied,  the  functions  that  the  facility  supports  can  be  performed 
adequately;  if  the  criteria  are  satisfied,  the  design  requirement  will  be 
satisfied.  If  a  facility  is  underdesigned,  it  is  quickly  evident  in  the 
difficulties  that  occur  in  performing  certain  functions.  However,  overdesign 
is  not  so  evident. 

The  new  system  can  be  used  to  check  a  facility  for  overdesign.  Over- 
design  is  the  result  of  unneeded  requirements  or  excessive  criteria.  For 
example,  an  architectural  requirement  that  two  spaces  be  close  together  may 
result  because  the  designer  expects  that  the  occupants  of  at  least  one  of  the 
spaces  will  have  to  make  frequent  trips  to  the  other  space.  Whether  this 


expectation  is  vaLid  can  be  checked  by  collecting  data  on  the  space-time  be¬ 
havior  of  the  occupants  in  the  completed  facility.  A  criterion  that  there  be 
a  connecting  door  between  the  spaces  assures  that  the  requirement  of  proximity 
is  satisfied.  Whether  a  connecting  door  is  an  excessive  criterion  can  be 
determined  by  temporarily  blocking  access  and  comparing  space-time  behavior 
before,  during,  and  after  blockage. 

Design  Research 

Another  application  for  the  system  is  research  studies  to  develop  better 
designs.  Except  when  the  connecting  door  is  temporarily  blocked,  the  applica¬ 
tions  discussed  in  the  previous  section  collect  data  on  naturally  occurring 
time-space  behavior.  Deliberately  blocking  the  connecting  door  is  an  example 
of  a  controlled  experiment  in  which  a  new  situation  is  introduced  to  determine 
its  impact  to  the  naturally  occurring  time-space  behavior.  The  knowledge 
gained  can  be  used  to  improve  the  design  of  future  facilities.  For  example, 
some  knowledge  of  the  time-space  behavior  during  an  emergency  could  be  obtain¬ 
ed  by  having  an  unexpected  fire  drill  during  the  data  collection. 

Training 

Land  navigation  is  one  area  of  training  in  which  this  system  could  be 
useful.  For  training  exercises  in  terrain  where  the  student  cannot  be  observ¬ 
ed,  the  instructor  can  use  the  system  to  find  out  whether  the  student  reached 
the  designated  location.  If  the  student  fails  to  reach  that  location,  it  is 
usually  hard  for  the  instructor  to  determine  how  to  correct  the  error,  since 
the  student  probably  will  not  be  able  to  help.  The  system  could  be  used  to 
monitor  the  exercise  region  so  that  the  instructor  can  tell  when,  where,  and 
how  the  student  deviated.  With  a  little  added  capability  in  the  receiver-re¬ 
corder,  it  could  be  used  as  a  training  aid;  the  instructor  could  then  tell  the 
student  whether  he/she  is  on  course,  and  if  not,  give  hints  about  how  to  get 
back  on  course.  (The  sport  of  orienteering  is  another  application  of  the  sys¬ 
tem.  A  transmitter  would  mark  each  spot  on  the  course  and  the  receiver- 
recorder  would  document  if  and  when  each  spot  was  reached.) 

Training  exercises  in  which  the  objective  is  to  get  within  a  certain  dis¬ 
tance  of  the  "enemy"  without  being  detected  (e.g.,  scouting)  is  another  possi¬ 
ble  application  of  the  system.  The  enemy  area  can  be  covered  with  monitored 
zones,  and  the  scouts  can  carry  receiver-recorders  to  document  how  far  they 
were  able  to  penetrate  without  detection. 


Security 

Another  potential  application  is  security.  An  example  would  be  checking 
whether  persons  are  entering  off-limits  areas.  Off-limits  areas  can  be  estab¬ 
lished  as  monitored  zones;  persons  to  be  checked  will  carry  receiver-record¬ 
ers.  Upon  leaving,  the  recorders  would  be  read  at  a  checkpoint  to  determine 
whether  any  off-limits  areas  were  entered  and  when.  In  a  simpler  form,  the 
recorder  in  the  receiver-recorder  could  be  replaced  with  an  alarm  that  sounded 
when  a  restricted  zone  was  entered;  in  a  more  complex  form,  the  recorder  could 
be  replaced  with  a  transmitter  that  broadcasts  a  signal  to  a  security  point. 


6  CONCLUSIONS  AND  RECOMMENDATIONS 


The  conceptual  system  tested  in  this  study  for  collecting  data  on  space- 
time  behavior  is  technically  feasible.  It  provides  data  which  are  as  reliabl 
as  those  provided  by  an  electronic  distance  measuring  technique.  It  can  moni 
tor  circular  floor  areas  as  small  as  2  to  3  ft  in  diameter. 

The  system  provides  data  that  are  at  least  as  valid,  and  probably  more 
valid,  than  those  of  the  commonly  used  self-reporting  method.  The  validity 
can  be  further  increased  by  reducing  the  size  of  the  receiver-recorder  unit. 
Even  at  prototype  costs,  the  system  is  affordable;  moreover,  since  the  units 
are  identical,  the  potential  for  cost  reduction  is  considerable  if  the  units 
are  mass-produced.  The  system  is  extremely  flexible  and  simple  to  use, 
requiring  virtually  no  electronic  skills  of  the  operator. 

It  is  recommended  that  this  system  be  developed  for  specific  applica¬ 
tions.  Because  of  the  potential  for  cost  reduction  if  the  units  are  mass-pro 
duced,  it  is  recommended  that  as  many  users  as  possible  be  identified  before 
developing  a  second-generation  prototype. 
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